This research advances an evolutionary theory and provides empirical evidence that shed new light on the origins of contemporary di¤erences in life expectancy across countries. The theory suggests that social, economic and environmental changes that were associated with the Neolithic Revolution a¤ected the nature of the environmental hazards confronted by the human population, triggering an evolutionary process that had a signi…cant impact on human longevity. The empirical analysis shows that a signi…cant portion of contemporary variations in life expectancy across countries can be traced to the di¤erences in the time passed since the ancestors of the population of each country experienced the Neolithic Revolution.
Introduction
This research advances an evolutionary theory and provides empirical evidence that shed new light on the origins of contemporary di¤erences in life expectancy across countries. The theory suggests that social, economic and environmental changes, that were associated with the transition from hunter-gatherer tribes to sedentary agricultural communities, a¤ected the nature of the environmental hazards confronted by the human population, triggering an evolutionary process that had a signi…cant impact on human longevity.
The rise in population density, the domestication of animals, and the increase in work e¤ort in the course of the Neolithic Revolution increased the exposure and the vulnerability of humans to environmental hazards, such as infectious diseases, and led to the decline in life expectancy during that period, as depicted in Figure 1 and detailed in Table A1 . 1 The theory suggests, however, that in light of the fundamental trade-o¤ between current and future reproduction, the Neolithic transition altered the evolutionary optimal allocation of resources towards somatic investment, repairs, and maintenance (e.g., enhanced immune system, DNA repairs, accurate gene regulation, tumor suppression, and antioxidants). 2 The rise in the extrinsic mortality risk (i.e., risk associated with external environmental factors, as opposed to internal biochemical decay) in the course of the Neolithic Revolution generated an evolutionary advantage to individuals who were genetically pre-disposed towards higher somatic investment, increasing their representation in the population, and leading to the observed increase in life expectancy in the post-Neolithic period, as depicted in Figure 1 . 3 The theory predicts that the interaction between the rise in the extrinsic mortality risk and the evolutionary process manifests itself in the observed non-monotonic time path of life expectancy. In the short run -while the composition of the population remains nearly stationary -a rise in the mortality risk reduces life expectancy. However, the evolutionary process that is triggered by the environmental change generates an evolutionary advantage for individuals characterized by higher life expectancy, increasing their representation in the population. As the composition of the population shifts su¢ ciently in favor of individuals with higher life expectancy, the population's life expectancy increases and ultimately it could reach a higher level than the one existed prior to the increase in the mortality risk. The evolutionary process that was triggered by the transition to sedentary agriculture was maintained and, possibly reinforced, by the gradual increase in population size and density that accompanied the process of development since the Agricultural Revolution, prior to the emergence of signi…cant improvements in health infrastructure. 4 Evidence suggest that the process of development since the Neolithic Revolution was indeed accompanied by an increase in the extrinsic mortality risk. For instance, skeletal remains from the pre-Colombian America, analyzed
by Steckel (2004) , demonstrate a decline in the health environment over the time period 6,000 BCE until 1500 CE. 5 Moreover, the process of urbanization suggests that the rise in population density further contributed to the increase in the extrinsic mortality risk, as re ‡ected by the rise in the prevalence of major epidemics, such as the Black Death in Europe in the middle of the 14th century (e.g., McNeil (1998)), and a signi…cant decline in life expectancy in some European countries in the 16th and the 17th centuries. 6 Furthermore, evidence suggests that changes in the environment may generate signi…cant evolutionary processes in the composition of existing genetic traits within a time period that corresponds to the one required by the proposed theory. 7 Importantly, di¤erences in the timing of the Neolithic Revolution across regions generated signi…cant variations in the genetic composition of the contemporary human population. For instance, lactose tolerance was developed among European and Near Easterners since the domestication of dairy animals in the course of the Agricultural Revolution, whereas in regions that were exposed to dairy animals in later stages a larger proportion of the adult population su¤ers from lactose intolerance. Furthermore, genetic immunity to malaria, associated with the sickle 5 Steckel (2004) constructs a health index based on skeletal infections (in ‡ammatory responses to bacterial invasion), iron de…ciency anemia (nutritional deprivation, low body weight, chronic diarrhea, parasite infections), dental health, degenerative joint disease (mechanical wear and tear on the joints of the skeleton due to physical activity), enamel hypoplasias (enamel de…ciency commonly found in the teeth of people whose early childhood was biologically stressful), and trauma. The health index declined by an average of 2.5 percentage points per millennium, from 6,000 BCE until 1500 CE. 6 In particular, during the initial process of European urbanization in which the percentage of the urban population increased six-fold from about 3% in 1520 to nearly 18% in 1750 [de Vries (1984) and Bairoch (1988) ], life expectancy at birth fell in England from about 40 at the end of the 16th century to about 33 in the beginning of the 18th century while mortality rates increased by nearly 50% (Wrigley and Scho…eld, 1981) . Furthermore, Clark and Hamilton (2003) …nd that in England during the early part of the 17th century, the average number of surviving o¤spring was nearly 50% higher among rural families in comparison to urban families, controlling for literacy. 7 There are numerous examples of rapid evolutionary changes among various species that were triggered by signi…cant changes in the environment. The color change that peppered moths underwent during the 19th century is a classic example of evolution in nature [See Kettlewell 1973] . Before the Industrial Revolution light-colored English peppered moths blended with the lichen-covered bark of trees. By the end of the 19th century a black variant of the moth, …rst recorded in 1848, became far more prevalent than the lighter varieties in areas in which industrial carbon removed the lichen and changed the background color. Hence, a signi…cant evolutionary change occurred within a time period that correspond to only hundreds of generations. Moreover, evidence from Daphne Major in the Galapagos suggests that signi…cant evolutionary changes in the distribution of traits among Darwin's Finches occurred within few generations due to a major drought [Grant and Grant 1989 ]. Other evidence, including the dramatic changes in the color patterns of guppies within 15 generations due to changes in the population of predators, are surveyed by Endler [1986] . cell trait, is prevalent among descendents of Africans whose engagement in agriculture improved the breeding ground for mosquitoes and thereby raised the incidence of malaria, whereas this trait is absent among descendents of nearby populations that have not made the transition to agriculture. 8 In this research we explore the evolution of the distribution of life-history pro…les (i.e., the life cycle of somatic investment and its e¤ect on life expectancy) 9 in light of the fundamental trade-o¤ that exists in nature between investments in somatic maintenance (and thus longevity and future reproduction) and the resources available for current reproduction. Evidence shows that the evolved capacity of somatic cells to carry out e¤ective maintenance and repairs (e.g., DNA repairs, accurate gene regulation, tumor suppression, and antioxidants), governs the time taken for damage to accumulate thereby regulating longevity. 10 Experiments and observation in non-human species indicate that this trade-o¤ exists. 11 Moreover, using an historical data set from the British aristocracy, Westendorp and Kirkwood (1998) argue that human life histories involve a trade-o¤ between longevity and reproduction.
The analysis focuses on the evolutionary process with respect to the trade-o¤ between parental somatic investment in each o¤spring and the number of o¤spring that can be supported. 12 Resources that are channeled towards higher somatic investment in each o¤spring generate higher life expectancy, but limit the number of o¤spring that can be raised. 13 "Increased bearing is bound to be paid for by less e¢ cient caring" [Dawkins 1989, p. 116] . Thus, there is an evolutionary trade-o¤, regarding reproduction success, between the life expectancy of each o¤spring and the 8 See Livingston [1958] , Weisenfeld [1967] and Durham [1982] . 9 See Stearns (1992). 1 0 Evidence at the molecular and cellular levels suggest that longevity is correlated with e¤ort devoted to repair and cellular maintenance. A positive correlation is found among captive mammals between longevity and DNA repair capacity, genomic integrity, and mitochodrial ROS production. Furthermore, cell resistance to external stress is larger among long-lived species. Moreover, it should be noted that long-run adaptations that reduce extrinsic mortality (e.g., larger brains) are generally linked to increased longevity. [Kirkwood (1998) ]. These long-run adaptations, however, are not the focus of the current study. 1 1 See the survey of this evidence by Williams and Day (2003) . 1 2 As is well established in the evolutionary biology literature since the seminal work of Lack [1954] , the allocation of resources between o¤spring 'caring' and 'bearing' is subjected to evolutionary changes. Lack (1954) suggests that clutch sizes (e.g., number of eggs per nest), among owls and other predatory vole-eating birds, for instance, are positively related to food abundance. He argues that the clutch size is selected such that under any feeding conditions fertility rates ensure the maximal reproductive success. Furthermore, Cody [1966] documents the existence of signi…cant di¤erences between clutch sizes of the same bird species on islands and nearby mainland localities of the same latitude. In temperate regions where food is more abundant in the mainland than on islands, the average clutch size is smaller on the islands. For instance, Cyanoramphus novaezelandeae, the average mainland clutch is 6.5 whereas the average in the island is 4. 1 3 For instance, variations in somatic investment may manifest themselves in genetically pre-determined variations in the length of childhood and therefore in the amount of parental resources that are devoted to each o¤spring. number of o¤spring that can be supported. 14 Similar insights would be obtained if one would have alternatively focused on the evolutionary process with respect to the trade-o¤ between the resources allocated to current parental own somatic investments (and thus life expectancy and future reproduction success) and the resources invested in current parental reproduction.
The probability that an individual would survive to a reproduction age is a¤ected positively by the genetically pre-determined somatic investment, and negatively by the extrinsic mortality risk that is associated with socio-environmental characteristics, which were altered by the Neolithic Revolution. A rise in mortality risk triggers a process of natural selection that alters the distribution of types within the population. Nature selects the level of somatic investment and thereby life expectancy that maximizes reproduction success in any given environment, and the distribution of these hereditary life-history traits evolves over time due to changes in the environment. As long as the adverse e¤ect of population density on the survival probability is lower for individuals who are genetically pre-disposed for higher somatic investment, the evolutionary optimal level of somatic investment is an increasing function of the extrinsic mortality risk.
Thus, the rise in the extrinsic mortality risk in the course of the Neolithic Revolution shifted the evolutionary advantage towards individuals with higher somatic investment and thus higher life expectancy. Furthermore, the rise in the extrinsic mortality risk and its interaction with the forces of natural selection induced a non-monotonic time path of life expectancy. During the Neolithic Revolution life expectancy declined, as long as the extrinsic mortality risked increased and the distribution of types in the population did not evolve considerably. However, the onset of the evolutionary process increased the prevalence of individuals with higher somatic investment in the population and ultimately generated a rise in life expectancy. 15 The theory suggests therefore that regions that experienced an earlier transition to agricultural communities, begun earlier the evolutionary process that increased the representation of individuals who are genetically pre-disposed towards higher somatic investment and higher life expectancy. The onset of the occurrence of the Neolithic Revolution, only 10,500 years ago, sug- 1 4 Consistent with the existence of this trade-o¤, recent molecular and behavioral genetic research across historical and modern data from the United States and Europe suggests that fertility behavior has a signi…cant hereditary component [Rodgers et al. 2001a ]. For instance, as established recently by Kohler et al. [1999] and Rodgers et al. [2001b] based on the comparison of fertility rates among identical and fraternal twins born in Denmark during the periods 1870-1910 and 1953-1964 , slightly more than one-quarter of the variance in completed fertility is attributable to genetic in ‡uence. These …ndings are consistent with those of Rodgers and Doughty [2000] based on kinship data from the United States. 1 5 In the long-run the decline in the extrinsic mortality risk due to the improvements in medical technology and health infrastructure may reverse the evolutionary process outlined in this research. 
Related Literature
Evolutionary biologists suggest two complementary theories for the evolution of senescence (i.e., persistent decline in the somatic function of an organism with age) and thus of life expectancy. 16 The mutation accumulation theory of aging [Medawar, 1946] suggests that late-acting deleterious mutations have a smaller negative e¤ect on the survival of the genes and aging therefore is an inevitable outcome of the declining force of natural selection in older age. The antagonistic pleiotropy theory [Williams, 1957] suggests that late-activating deleterious genes may be favored by natural selection and may be actively accumulated in population if they have a bene…cial reproductive e¤ects in early stages of life. In particular, the disposable soma theory [Kirkwood, 1977] examines the optimal allocation of metabolic resources between reproduction and maintenance.
Our theory advances the disposable soma theory, exploring the implications of the process 1 6 An earlier theory that is widely considered among biologists as inconsistent with the evidence is the theory of programmed death (Weismann, 1882) . It suggests that aging is bene…cial and even necessary at the species level in order to free resources for the younger generation. of economic development on the evolution of the distribution of life-history pro…les (i.e., the life cycle of somatic investment and maintenance) within the human species since the onset of the Neolithic Revolution. The proposed theory demonstrates that if the e¤ect of a rise in the extrinsic mortality risk on the survival probability can be mitigated by an increase in somatic investment, then it would necessarily generate an increase in the (evolutionary optimal) level of somatic investment and may thereby prolong longevity. 17 The implications of the interaction between the process of economic development and human evolution have been explored in recent years. 18 Galor and Moav (2002) suggest that during the epoch of Malthusian stagnation traits that are complementary to the process of development, in particular higher valuation for o¤spring quality, generated an evolutionary advantage and their representation in the population gradually increased. This selection process and its e¤ect on investment in human capital stimulated technological progress and ultimately triggered a reinforcing interaction between investment in human capital and technological progress that brought about the Industrial Revolution, a demographic transition and a shift to the modern regime of sustained economic growth. 19 Ofek (2001) 20 Robson and Kaplan (2003) examine the evolutionary optimal human brain size and life 1 7 Most of the literature in evolutionary biology focused on the e¤ect of a rise in the extrinsic mortality rate that cannot be mitigated by an increase somatic investment, arguing therefore that in this type of environment an increase in the extrinsic mortality rate would generate a decline in somatic investment and thereby a decline in life expectancy. Recently, however, in light of a wide range of compelling evidence, it has been recognized that the adverse e¤ect of a rise in extrinsic mortality risk can be counteracted by an increase in somatic investment [Williams and Day (2003) ]. In particular, Reznick et al. (2004) demonstrates that guppies that were exposed to higher extrinsic mortality risk had lower intrinsic mortality rate. 1 8 The evolution of a wide range of attributes such as time preference, risk aversion, and altruism, in a given economic environment, has been extensively explored in the economic literature, as surveyed by Bowles (1998) and Robson (2001) . The dynamics of evolutionary processes is explored as well (e.g., Benaim and Weibull (2003) ). 1 9 The theory is applicable for either social or genetic intergenerational transmission of traits. A cultural transmission is likely to be more rapid and may govern some of the observed di¤erences in fertility rates across regions. The interaction between cultural and genetic evolution is explored by Boyd and Richardson (1985) and CavalliSforza and Feldman (1981), and a cultural transmission of preferences is examined by Bisin and Verdier (2000) . Clark and Hamilton (2006) provides evidence from England in the 1630s, supporting the view that the number of surviving o¤spring increases with wealth and education.
2 0 The Darwinian methodology has been employed in the study of human behavior within the sociobiology literature (e.g., Wilson [1975] ) and in a sequence of studies about the evolution of preferences surveyed by Bowles [1998] and Robson [2001] , within the economics literature. The focus of these models is fundamentally di¤erent. They are primarily designed to explain the determination of preference (e.g., Becker [1976] , and Hansson and Stuart [1990] ). expectancy in the context of hunter-gatherer societies that were prevalent during the two million years that preceded the Agricultural Revolution. 21 They argue that a decrease in the extrinsic mortality risk that was faced by the human population led to an increase in somatic investment leading to larger brain size and higher life expectancy. In contrast to the basic premise of Robson and Kaplan (2003) that the extrinsic mortality risk decreased in the course of human existence, evidence about the rise of population density and the lack of signi…cant improvements in technology prior to the Mesolithic period, suggests in fact that extrinsic mortality risk increased in this era, consistently with the …ndings of Steckel (2004) . For instance, the transition from the Paleolithic period to the Mesolithic hunter-gatherer economies corresponded to the disappearance of large game animals and the consequent adoption of broad spectrum foraging patterns aimed at a wider array of small animals, seeds, and aquatic foods resulting in a decline in nutrition and thus human health [Cohen (1989) , and Acsa'di and Nemeskeri (1970, p. 169)]. Thus, our theory and empirical analyzes suggests, in contrast, that an increase in the extrinsic mortality risk led in fact to higher somatic investment, that mitigated the negative e¤ect of the external environment, and eventually led to higher life expectancy. Moreover, the theory o¤ers an explanation for the observed non-monotonic evolution of life expectancy in the context of the Agricultural Revolution, despite the apparent increase in the extrinsic mortality risk during these periods of increased population density.
Finally, in contrast to our evolutionary approach to the understanding of the time-path of life expectancy in the last 10,000 year, existing economic theories have focused on the contribution of the advancement of health infrastructure, medical technology and education to the rise in life expectancy in recent centuries, as documented by Fogel (1994) and Mokyr (1998) 
The Basic Structure of the Model
Consider an economy that consists of individuals that are distinguished genetically by the resources that they allocate to somatic investment, repair and maintenance, and thereby by their life expectancy. Resources that are channeled towards higher somatic investment of each o¤spring generate higher life expectancy, but limit the number of o¤spring that can be raised. Thus, there is an evolutionary trade-o¤, regarding reproduction success, between the life expectancy of each o¤spring and the number of o¤spring that can be supported.
A rise in mortality risk triggers a process of natural selection that alters the distribution of types within the population. Nature selects the life-history pro…le (i.e., the life cycle of somatic investment) and thereby life expectancy that maximizes reproduction success, in any given environment and the distribution of these hereditary life-history traits evolves over time due to changes in the environment that are induced by increases in population density. Thus, the evolutionary process within the human population may lead to a reduction in mortality rates and an increase in life expectancy, despite the increase in extrinsic mortality risk that is associated with the rise in population density.
The economy is implicitly characterized by a Malthusian environment in which the growth of income per capita is constrained by the increase in the size of the population, whereas population size is constrained by the availability of resources as well as by the technological level. 22 
Individuals
Individuals are ex-ante identical except for their genetic disposition towards somatic investment and thus life expectancy. Individuals may live for either one period (childhood) or two periods (childhood and adulthood), i.e., children are subjected to a mortality risk that may prevent them from reaching adulthood. In their childhood, individuals consume part of their parental income.
Those who survive and reach adulthood, work and allocate their income to consumption and child rearing. Reproduction is a-sexual and each individual is therefore born to a single parent. 23 
Somatic Investment, Extrinsic Mortality, and Life Expectancy
The survival probability of individuals depends upon their somatic investment and the extrinsic mortality risk that characterizes the environment in which they live. Individuals are distinguished by the resources that they allocate to somatic investment, repair, and maintenance, and thereby by their life expectancy. Individuals that are characterized by a higher, genetically predetermined, 2 2 Consistently with the Malthusian theory, Clark and Hamilton (2006) and Botticini and Siow (2005) provide evidence that in pre-industrial society wealthier families had more surviving children, and Kelly (2004) provides evidence at the macro level regarding the e¤ect of wages on population growth. 2 3 The modeling of sexual reproduction would clutter the analysis, but would not alter the basic hypothesis.
somatic investment generate higher life expectancy. Somatic investment during childhood, ;
varies across individuals. 24 This genetic trait is transmitted imperfectly from parent to o¤spring, maintaining the variation in the population:
The survival probability of each type of individual depends upon the extrinsic mortality risk that is associated with the environment and the individual's genetically pre-determined somatic investment. The extrinsic mortality risk, x; is a¤ected by the socioeconomic environment, population density and the level of health infrastructure. 25 The probability, P , that an individual would survive to adulthood is a¤ected positively by the genetically pre-determined somatic investment in childhood, ; and negatively by the extrinsic mortality risk, x;
Thus, life expectancy of individual E = 1 + P; is a¤ected positively by the genetically pre-determined somatic investment in childhood, ; and negatively by the extrinsic mortality risk, x;
The biological upper bound on life expectancy for individual of type i, E max , is reached when the extrinsic mortality risk is equal to zero, i.e.,
It is assumed that individuals whose genetically determined somatic investment is below a threshold (x) would not survive and their type would become extinct. That is,
where for all x, (x) > 0. Moreover, for > (x); P ( ; x) > 0; P ( ; x) < 0; P x ( ; x) 0 and (a) the threshold level of somatic investment below which individuals do not survive, (x); increases with the harshness of the environment, i.e.,
(b) the adverse e¤ect of population density on the survival probability is (weakly) lower for individuals who are genetically pre-disposed for higher somatic investment and somatic investment increases the probability of survival in decreasing rates, i.e.,
Fertility Across Types
Parental income, y; is allocated between consumption and child rearing. In particular, parents divide their income, y; between consumption, c; and the cost associated with raising n children; n,
where is the somatic investment of each child. 26 Thus, the individual resource constraint is n + c y:
In a Malthusian environment in which population growth is a¤ected positively by the level of income per capita, a fraction, ; of parental resources are devoted to childrearing and a fraction 1 to consumption. 27 Hence, the number of children of each parent is a function of their children's genetically predisposed somatic investment, 28
Thus, consistent with the fundamental features of the Malthusian environment -the economic environment that is at the center of the proposed theory -the number of children is an increasing function of parental income. 29 In addition, parents whose children's somatic investment is higher would have fewer children. 2 6 If some non-surviving children will parish in the beginning of the childhood period, rather than in the end, as it is currently assumed, no qualitative change will occur. The cost of those non-surviving children will be zero, and therefore, n i t will stand for the number of surviving children that completed their childhood period. Furthermore, the incorporation of time as well as real resources as inputs in the production of o¤spring would not a¤ect the analysis qualitatively, as shown in the next footnote. 2 7 This allocation of parental resources could be devided from a utility maximization. In particular, if preferences are homothetic, the fraction of parental resources that will be devoted to childrearing will be : 2 8 For simplicity it is assumed that is identical across individuals. 2 9 See for instance, Boyer (1989) and Clark and Hamilton (2006) . The positive e¤ect of the parental income on
Evolutionary Optimal Level of Life Expectancy
This section examines the evolutionary optimal level of somatic investment in a given environment, x (i.e., the level of somatic investment that generate the largest number of surviving o¤spring). Individuals who posses this genetic predisposition will dominate the population in the long run.
Let, ; be the genetically determined level of somatic investment that, given the individual allocation of resource to child rearing (6), will generate the largest number of surviving o¤spring, P ( ; x)n; and let E = E(P ( ; x)) be the evolutionary optimal level of life expectancy. It follows that = arg max P ( ; x)n s.t. n = y= (7)
The genetically determined level of somatic investment, ; that generates the largest number of surviving o¤ spring, is a unique single-valued function of the environment, x :
and the evolutionary optimal level of life expectancy, E ; is therefore
Proof. Since P = P ( ; x) = 0 for (x); it follows that (x) > (x): Further, as follows from the …rst order conditions for the maximization problem (7), for (x) > (x),
Hence, since F ( ; x) = P ( ; x) 6 = 0; the lemma follows from the Implicit Function Theorem and the de…nition of life expectancy.
As follows from (8), the evolutionary optimal level of somatic investment, (x); depicted in Figure 2 , is given by the unique tangency point between the function P ( ; x) and a ray from the number of children, regardless of the level of income, re ‡ects the assumption that child rearing is associated with a real cost, without any time cost. If a time cost would be added, it would generate the Malthusian structure in low levels of income but fertility rates will be bounded in a higher level of income. In particular, let be the time cost associated with an o¤spring. Individuals' budget constraint would become n(y + ) + c y and the optimization would imply that n = y=( y + ): Hence, as in the formulation without a time cost, the number of children is an increasing function of income and a decreasing function of somatic investment. However, under this speci…cation, the number of children is a strictly concave function of income, bounded from above by = : the origin. Thus, at the optimum, reproductive success is maximized if the marginal return from an increase in somatic investment, P ( ; x), (i.e., the marginal return in reproductive success to an increase in child "quality") is equal to the marginal return in reproductive success due to an increase in the investment in number of children (i.e., to investment in child "quantity").
The latter generates an increase of (1= ) in the number of children, resulting in an increase of P ( ; x)= in the number of surviving children. Figure 2 , Under A1 and A2, the evolutionary optimal level of somatic investment is an increasing function of the extrinsic mortality risk, i.e.,
Proposition 1 As depicted in
Under A1 and A2, the evolutionary optimal biological upper bound of life expectancy is an increasing function of the extrinsic mortality risk, i.e.,
Proof. See Appendix.
The evolutionary optimal level of somatic investment is an increasing function of the extrinsic mortality risk since the threshold level of somatic investment that permits survival is an increasing function of the extrinsic mortality risk ( Figure 2 ). As long as the adverse e¤ect of population density on the survival probability is (weakly) lower for individuals who are genetically pre-disposed for higher somatic investment (i.e., as long as (A2) is satis…ed), the increase in the minimal somatic investment, (x); that is associated with a transition to a harsher environment, implies that the evolutionary optimal investment in each o¤spring is larger (i.e., the tangency between the function P ( ; x) and a ray from the origin in Figure 2 , would necessarily occur at a higher level of ). 30 Figure 2 . Evolutionary optimal levels of somatic investment and survival probability for di¤erent levels of extrinsic mortality risk:
It follows from Lemma 1 and Proposition 1 that a permanent increase in the extrinsic mortality risk will initially generate a reduction life expectancy, but the process of natural selection that it will trigger will gradually increase somatic investment, life expectancy and the biological upper bound of life expectancy.
Despite the permanent rise in the extrinsic mortality risk, life expectancy will ultimately increase beyond its initial level, prior to the increase in the extrinsic mortality risk, if it is further assumed that the elasticity, P ; ; of the marginal e¤ect of somatic investment on the survival probability, P ( ; x); with respect to somatic investment, ; is smaller than one in absolute value:
i.e., an increase in somatic investment, generates less than a proportional decrease in the marginal e¤ect of somatic investment on the survival probability, P ( ; x). 31
Proposition 2 Under A1-A3, 32 the evolutionary optimal level of life expectancy is an increasing function of the extrinsic mortality risk, i.e., dE(P ( (x); x)) dx > 0:
3 0 For instance, if in contrast to (A2), the extrinsic component of the survival rate is independent of somatic investment then the optimal somatic investment may be negatively a¤ected by the extrinsic mortality risk. For instance if the survival probability to adulthood P ( ; x) = p( )(1 x) then P x = p < 0. 3 1 That is, for > (L); the survival probability P ( ; L) is only "moderately" strictly concave function of : 3 2 (A3) is a su¢ cient but not a necessary condition.
Proof. See Appendix. 33 Thus, the permanent rise in the extrinsic mortality risk in the course of the Neolithic Revolution initially generates a reduction in life expectancy, but due to the process of natural selection life expectancy gradually increased. Moreover, the biological upper bound of longevity increased, generating the biological infrastructure for the recent prolongation of life expectancy that was brought about by the decline in the extrinsic mortality risk due to improvements in the heath infrastructure.
Empirical Speci…cations and Findings
The theory suggests that regions that experienced an earlier transition to agricultural communities, were exposed to a longer period of evolutionary pressure that increased the representation of individuals who are genetically pre-disposed towards higher life expectancy. Since its earliest occurrence in the Middle East nearly 10,500 years ago, the average onset of the Neolithic Revolution in Asia was about 6900 years ago, 6300 years ago in Europe, 3800 in South America, 2900 in Table 1 . 34 Nevertheless, although contemporary life expectancy had no e¤ect on the timing of the Neolithic Revolution, it does not necessarily imply that an earlier onset of the Neolithic Revolution contributed to contemporary life expectancy. In particular, one has to account for the possibility that a third factor (i.e., geographical attributes) that may be conducive for longer life expectancy today, may have permitted an earlier onset of the Neolithic Revolution.
Moreover, even if a causal e¤ect of an earlier onset of the Neolithic Revolution on contemporary life expectancy could be established, it does not necessarily con…rm the proposed genetic channel. An earlier onset of the Neolithic Revolution generated a socio-economic process that may had an impact on contemporary living standards and thereby on contemporary life expectancy, irrespective of potential changes in the composition of genetic traits.
Thus, the main empirical challenges are to account for the contribution of geographical attributes and socio-economic factors to the observed cross country correlation between the weighted timing of the Neolithic Revolution and contemporary life expectancy, and to demonstrate that the timing of the Neolithic Revolution has a signi…cant additional e¤ect on life expectancy that could be plausibly attributed to changes in the genetic composition of the human population.
These challenges are confronted in several ways. First we demonstrate that once we control for major geographical attributes (i.e., latitude, percentage of arable land, and continental dummies) that may have in ‡uenced the timing of Neolithic transition and possibility contemporary life expectancy, the e¤ect of the timing of the Neolithic Revolution remains highly signi…cant and powerful in explaining contemporary variations in life expectancy. Thus, we plausibly preclude the possibility that a third (geographical) factor governs the entire observed correlation between these two variables, establishing a causal e¤ect of the time passed since the Neolithic Revolution on contemporary life expectancy. Table 1 indicator for the extrinsic mortality risk, has a negative e¤ect on contemporary life expectancy. 3 5 Appendix 3 provides a comprehensive description of the data and its sources. 3 6 Interestingly, as is apparent from the results presented in Table 2 , the e¤ect of the distance from the equator on life expectancy operates primarily through its e¤ect on contemporary income per capita. Its direct e¤ect becomes insigni…cant once income per capita is introduced as a control variable. Moreover, if the sample is restricted to countries that mostly consist of the descendents of the country's native population, the e¤ect of distance from the equator vanishes, suggesting that the forces of natural selection did not operated based on distance from the equator. Table 2 Table 2 replicates Regression 3 of Table 1 Robust standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1%
The results in Tables 1 and 2 The remaining empirical challenge is to lend credence to the hypothesis that one of the underlying mechanisms that contributed to contemporary life expectancy is the change in the composition of genetic traits triggered by the Neolithic Revolution. Tables 3 and 4 provide additional tests that are designed to increase the con…dence that changes in the genetic composition of the human population could plausibly explain the part of the e¤ect of the timing of the Neolithic Revolution on contemporary life expectancy that could not be attributed to geographical and socio-economic factors. Table 3 is designed to demonstrate that, consistently with the proposed theory, the Neolithic Revolution triggered a selection of individuals with a more responsive immune system. Table 3 presents the results of the examination of the e¤ect of the time passed since the Neolithic Revolution on the fraction of years lost to infectious diseases. If other factors, that were unaccounted for, contributed to e¤ect of the timing of the Neolithic Revolution on contemporary life expectancy then one should expect that they would have a di¤erential e¤ect on the sources of mortality i.e. mortality from: infectious diseases, non-infectious diseases, and all other sources (e.g., accidents, suicide, violence). The results presented in Table 3 Regression 4 of Table 3 replicates Regression 3 of Table 3 Thus Table 3 suggests that the channel through which the timing of the Neolithic Revolution a¤ect contemporary life expectancy is through reduction in mortality from infectious diseases, lending credence to the hypothesis that a selection of genetic pre-disposition towards a more responsive immune system that was triggered by the Neolithic Revolution is a major factor in existing variation in contemporary life expectancy across countries. The …nal test is designed to further disentangle the genetic mechanism from the geograph- Robust standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1%
It should be noted that there is a strong positive correlation between the unadjusted years since transitions and the percentage of the population who are descendants of natives in the same country in the year 1500. Namely, countries that experienced the Neolithic revolution later and thus had lower population density, were more attractive to migrants. Thus, the positive correlation between the timing of the Neolithic Revolution and contemporary life expectancy does not re ‡ect a selection of individuals with higher life expectancy into regions that are geographically more prosperous, as re ‡ected by earlier Neolithic Transition.
Thus, the empirical analysis demonstrates that a signi…cant portion of contemporary vari- Appendix 1
Proof of Proposition 1:
As follows from (8), the negativity of P x ( ; x) and P ( ; x), and Assumptions A1 and A2,
where A1 assures an interior solution.
Finally, since 0 (x t ) > 0 and P ( i ; x t ) > 0;
Proof of Proposition 2:
Using (9) dp( i (x t );
Thus,
As follows the negativity of P x ( ; x), the positivity of P ( ; x); and Assumptions A1-A3, noting that under A3, P ( ; x)=P ( ; x) < 1; it follows that Years of Life Lost (YLLs) due to infectious are calculated from the number of deaths multiplied by a standard life expectancy at the age at which death occurs. The standard life expectancy used for YLLs at each age is the same for deaths in all regions of the world and is the same as that used for the calculation of disability-adjusted life years (DALYs). Additionally, 3% time discounting and non-uniform age weights that give less weight to years lived at young and older ages were used, as for the DALY. With non-uniform age weights and 3% discounting, a death in infancy corresponds to 33 YLLs, and deaths at age 5 to 20 years to around 36 YLLs.
Death registration data for 112 WHO Member States, sample registration systems (India, China), available data on child and adult mortality from censuses and surveys, together with population-based epidemiological studies, disease registers and noti…cations systems for the estimation of mortality due to 21 speci…c causes of death.
Life tables specifying all-cause mortality rates by age and sex for 192 WHO Member States were developed from available death registration data for 2002, sample registration systems (India, China) and data on child and adult mortality from censuses and surveys. Cause-of-death distributions were estimated from death registration data for 107 countries, together with data from population-based epidemiological studies, disease registers and noti…cations systems for selected speci…c causes of death. Causes of death for populations without usable death-registration data were estimated using cause-of-death models together with data from population-based epidemiological studies, disease registers and noti…cations systems for 21 speci…c causes of death. 
